R esearch on word recall has systematically shown effects of organization (i.e., semantic relatedness) and emotion of words on their recall (Colombel, 2000; Matthews & Waring, 1972) . Although the effects of these two factors have been demonstrated individually, little research has examined the interaction of these characteristics on recall, and the research that has examined them has produced inconsistent results (Buchanan, Etzel, Adolphs, & Tranel, 2006; Palmer & Dodson, 2009) . Determining what effect the interaction of these two factors has could provide greater insight into how to make information more memorable, which would be relevant to fields like education and advertising where success is often measured in terms of memory for the message. For example, many educational and advertising messages employ the use of emotionally arousing anecdotes because of the commonly held belief that emotion always makes events more memorable. However, if emotion actually impairs organizational processing, then embedding the message with emotion actually detracts from the memorability of its overall meaning. For this reason, research on how emotion affects the memorability of organized material is crucial to understanding how to make educational and advertising messages optimally memorable.
The Independent Effects of Emotion and Semantic Relatedness
The superior recall of semantically related words compared to unrelated words has been demonstrated consistently in the general population (Matthews & Waring, 1972) , as well as among deaf (Liben, Nowell, & Posnansky, 1978) , intellectually disabled (Nolan, Cottle, & Walker, 1985) , and older (Kahana & Wingfield, 2000) populations. Brainerd and Reyna's (2002) fuzzy trace theory accounts for the superior recall of semantically related words compared to unrelated words on the basis that gist traces, which are the concepts behind the words that involve processing the word relations and patterns, ABSTRACT. The present study examined what effect the combination of semantic relatedness and emotion had on the free recall of words. We hypothesized that emotion-induced priority-binding mechanisms (Mackay et al., 2004) could impair relational processing of gist traces (Brainerd & Reyna, 2002) , thus leading to reduced recall of a semantically related emotional list compared to a semantically related neutral list. Seventy-two undergraduate participants viewed and recalled four 20-item pure word lists: a semantically related neutral list, a semantically related emotional list, an unrelated neutral list, and an unrelated emotional list. An Analysis of Variance revealed a significant interaction between emotion and semantic relatedness, F(1, 71) = 6.75, p = .01, η 2 = .087, such that emotion impaired recall in semantically related but not unrelated lists. There was also a main effect of semantic relatedness, F(1, 71) = 263.56, p < .001, η 2 = .79, such that semantically related lists were recalled better than unrelated lists, and a main effect of emotion, F(1, 71) = 7.49, p = .008, η 2 = .09, such that neutral lists were overall recalled better than emotional lists. These findings indicated that emotion may impair memory for overall meaning, which may be relevant to fields like education and advertising.
are shared by words in semantically related word lists. For example, the words dog, cat, and mouse would have a stronger gist trace than the words dog, sink, and shoe because the former grouping is related to an overarching concept (i.e., mammals). When items on a list are connected to an overarching concept, the brain can better process the overall context or gist of the list, which can aid subsequent recall of individual items.
Another fairly consistent finding in memory research has been that emotional valence leads to greater word recall because many studies have found words with emotional valence to be recalled better than neutral words (Colombel, 2000; LaBar & Phelps, 1998; Rubin & Friendly, 1986) , regardless of whether the valence is positive or negative (Siddiqui & Unsworth, 2011) . Although a variety of reasons have been postulated for why emotional words are remembered better than neutral words, one promising theory is MacKay et al. 's (2004) binding theory and corollary priority-binding hypothesis. According to binding theory, reactions to emotional words facilitate the binding of two or more elements associated with that word such as the word meaning and the word's contextual information (e.g., where it occurs in a list). Furthermore, this binding serves as a retrieval cue for later recall (MacKay et al., 2004) . Additionally, the corollary priority-binding hypothesis states that the emotional reactions caused by the presentation of emotional words causes impairment of memory of neutral words before and after the emotional word because the emotional word engages a direct amygdala-hippocampus reaction that takes precedence over the encoding of nonemotional information (Hadley & MacKay, 2006) .
The Combination of Emotion and Semantic Relatedness
The few studies that have looked at the interaction of emotion and semantic relatedness have produced mixed results. First, Buchanan et al. (2006) found that semantic relatedness and physiological arousal were additive such that a list of taboo words that were both semantically related and emotionally arousing were recalled better than a list of scholastic words, which were only semantically related. This contrasted directly with the results of Palmer and Dodson (2009) , who found a subtractive effect when emotion and semantic relatedness were combined; lists of semantically related emotional words were recalled significantly worse than semantically related neutral words.
Furthermore, Talmi and Moscovitch (2004) found mixed results in four experiments comparing the recall of semantically related neutral words and semantically related emotional words. The lists were recalled equally in Experiments 1 and 2, but better recall was found for the semantically related neutral list than the semantically related emotional list in Experiments 3 and 4.
To reconcile the inconsistent results of these studies, it is important to theorize what mechanisms are involved when words that are both semantically related and emotional are presented. Specifically, we suggested that a synthesis of fuzzy trace theory and binding theory was needed to properly explain the combination of semantic relatedness and emotion in memory. In addition to gist traces, fuzzy trace theory also states that words have a verbatim trace, which is the word's superficial form. Furthermore, verbatim traces are an important link to combining fuzzy trace and binding theories, given that verbatim traces include precisely the sort of information that becomes bound to word meaning through emotion according to binding theory. However, the binding of verbatim traces to emotional content does not occur without a cost. Namely, this cost is the impaired processing of information that is not facilitated by emotional binding. In a mixed list (i.e., both emotional and neutral valence) of unrelated words, this impaired information is the neutral words (Hadley & MacKay, 2006) . In a pure list of semantically related emotional words, this impaired information should be the gist relations between words, given that this type of information is not one found to be facilitated by emotional binding. Such a mechanism would impair the recall of semantically related information.
Although, to our knowledge, this particular synthesis of fuzzy trace and binding theories has not previously been suggested, the idea of gist trace or context impairment due to emotionality has been supported in past literature. For instance, gist impairment was cited by Palmer and Dodson (2009) as an explanation for the decrease in recall they found in their semantically related emotional list compared to their organized neutral list because they reasoned that the emotionality of the words in the semantically related lists caused impaired processing of the gist, or relation between items in the list that would have aided in recall. In addition, Kensinger and Schacter (2006) demonstrated that, although arousing items had an item memory advantage over neutral words (i.e., a memory of the word itself), they did not have the same advantage when it came to source memory (i.e., a memory for context). Also, Mather (2007) suggested an object-based framework whereby emotional arousal increased binding for within-object features such as color and detail (i.e., verbatim trace information), but either had no effect or impaired binding for between-object relations (i.e., gist trace information). In this way, a synthesis of fuzzy trace and binding theories supports the idea that emotion would impair recall in a semantically related list.
Time-Frame Establishment
Although the synthesis of fuzzy trace and binding theories predicts a subtractive effect of semantic relatedness and emotional valence in memory, this effect is extremely sensitive to both presentation length and recall delay. For the first factor, past research has found that priority-binding mechanisms only affect recall given a presentation length of less than 250 ms, after which time there are sufficient binding resources for all items to be processed without impairment (Hadley & MacKay, 2006) . This relatively short threshold is due to the ease of processing unrelated words because only verbatim trace and the individual word meaning need to be processed. In contrast, semantic related words require relational processing, which has been found to be a lengthy process. For example, Folarin (1976) found that the memory advantage for semantic-related words over unrelated words continued to increase between 1,000 to 6,000 ms, showing that relational processing continued to take place during that time. Thus, given their longer processing time compared to unrelated items, priority-binding mechanisms may still be applicable to semantically related items long past the 250 ms threshold established for unrelated items.
This explanation is consistent with the fact that Palmer and Dodson (2009) and Talmi and Moscovitch (2004) found a subtractive effect of semantic relatedness and emotion, despite the latter's presentation length being a full second longer. However, in Buchanan et al. (2006) , whose presentation length was 4000 ms, there was likely enough time for complete or close to complete relational processing. This may explain why Buchanan et al. (2006) found an additive effect for emotion and semantic relatedness because there was enough time to process all gist connections between words sufficiently. However, it should be noted that Buchanan et al. (2006) also used mixed lists of words (e.g., semantic-related neutral were placed next to semantically related emotional). This means priority-binding mechanisms might have still been applicable, but the semantically related emotional words were simply draining resources from other lists, and not from the relational pattern of their own list, thus leading to their superior recall.
Although presentation length differences can help explain the differing results of past studies, it is still possible that a second factor, recall delay (i.e., the amount of time between presentation and recall), may also aptly explain the differences. Recall delay may affect the recall of semantically related items due to the finding that memory gradually becomes more reliant on gist traces. Thus, any relational processing impairment that took place during presentation would be expected to become more pronounced with later time intervals because reliance on the impaired process would increase. In Palmer and Dodson (2009) , recall occurred immediately after presentation, so this was likely not a factor, and the result can be interpreted through the presentation-length sensitive mechanisms previously discussed. However, in Talmi and Moscovitch (2004) , recall occurred between 40 to 55 min after presentation, and thus it is difficult to verify if the longer presentation, the recall delay, or both are responsible for the subtractive effect of emotion and semantic relatedness.
In the present study, we compared the recall of semantically related neutral and semantically related emotional items given a relatively long presentation length of l000 ms and immediate recall. This combination allowed us to determine whether the impairment of relational processing by the priority-binding mechanisms of emotion (i.e., fuzzy trace and binding theory synthesis) can be observed immediately after the items enter memory. We predicted that such mechanisms would impair relational processing given that 1000 ms, although enough time for individual items to be processed without impairment, is not enough time for gist connections between related words to occur without impairment. This impairment of relational processing by emotion priority-binding was expected to be seen through a significant interaction between semantic relatedness and emotion whereby the ability of semantic relatedness to increase recall would be reduced when paired with emotion. Furthermore, we believed that this explanation would be verified by the presence of more semantically related intrusions (i.e., words closely related to the semantic pattern that were not presented) in the semantically related neutral list compared to the semantically related emotional list because the former's semantic pattern would be better processed. We also predicted that both semantically related word lists would be better recalled than both unrelated word lists and that the unrelated emotional word list would be recalled better than the unrelated neutral word list, given the previously established independent benefit for both of these factors in memory. These findings would provide legitimacy to the theory that a synthesis of fuzzy trace theory and binding theory is apt in explaining the interaction of emotion and semantic relatedness in memory, and would be capable of explaining inconsistencies in past literature that studied the combination of these two factors.
Method Participants
An a priori power analysis determined that 112 participants would be required to achieve the desired .05 alpha level, .95 power level, and 0.14 effect size. However, only 72 undergraduate students were successfully recruited to participate in the present study. Participants were recruited using SONA systems, a website that allows students to sign up for research studies to receive research credit as part of a requirement in an introductory psychology course. The sample was composed of 50 women and 22 men (M age = 18.87, SD = 1.18). Most participants (50.0%) identified themselves as European American, and 26.4% identified themselves as Asian.
Design
The study utilized a 2 (emotional valence: emotional vs. neutral) x 2 (semantic relatedness: related vs. unrelated) within subjects experimental design. There were four conditions: a neutral unrelated word list, a neutral semantically related word list, an emotional unrelated word list, and an emotional semantically related word list. Order effects were controlled between the word lists by randomizing the list order for each participant. To prevent per formance fatigue, only lists of negative emotional valence were included because an inclusion of positive words would require both two additional word lists and two additional Raven's Matrices exercises (see Materials). Furthermore, the exclusion of positive emotional lists was validated by the fact that the memory benefit for emotional valence was not found to be significantly different in past studies (Palmer & Dodson, 2009 ).
Materials
Stimuli consisted of four 20-item words lists (see Appendix). The neutral semantically related word list and the emotional semantically related word list was modified from Palmer and Dodson (2009) by including category names as items and shortening the list to 10 items each. The emotional unrelated word list was composed of words selected from pilot data from Palmer and Dodson (2009) , and the neutral unrelated word list was composed of words selected from the University of South Florida Free Association Norms website (Nelson, McEvoy, & Schreiber, 1998) . In selecting the words for the negative and neutral unrelated word lists, each word was chosen to ensure that it was not related to any other words in its list or the other lists. All words in these lists had a relatedness value of less than 0.05 (i.e., one word selected as the first associate for another word by less than 5% of participants) when paired with any other word in the study. Additionally, both semantically related lists did not differ from each other on relatedness, t(38) = 0.88, p = .38, d = 0.29.
Procedure
The present study was approved by the university's institutional review board. Participants gave informed consent and subsequently provided demographic information. They then viewed a practice word list followed by a practice recall portion to familiarize them with the study procedure. Participants then viewed the 20 words in each list one at a time on a computer screen for 1000 ms each. After all words from a list were presented, participants typed as many words as they could remember with no time limit. After each recall portion, participants completed Raven's Matrices for 5 min as a distraction task before beginning the next list (Raven, Raven, & Court, 1998) . Words within each list and list order were randomized for each participant. Participants were debriefed after completing the fourth list.
Results
An Analysis of Variance (ANOVA) revealed that the interaction of semantic relatedness and emotion was significant, F(1, 71) = 6.75, p = .01, η 2 = .087, such that emotion impaired recall of the semantically related list, but not the unrelated list (see Figure 1) . The main effect of semantic relatedness on recall was also significant, F(1, 71) = 263.56, Pairwise comparisons showed that the semantically related neutral list (M = 11.43, SD = 2.71) was recalled better than the semantically related emotional list (M = 10.25, SD = 2.72, p = .001), although both semantically related lists were recalled significantly better than both the unrelated emotional list (M = 7.21, SD = 2.15, ps < .001) and the unrelated neutral list (M = 7.22, SD = 2.05, ps < .001). There was no significant difference in recall between the unrelated neutral list and the unrelated emotional list.
In addition to recall, data on semantically related intrusions was analyzed to help determine if the reason for the difference in recall was due to the salience of the respective semantic patterns. Because semantically related intrusions are semantically related words that were not presented, they can reveal how well the participants recognized the semantic pattern. A paired-samples t test revealed that participants gave more semantically related intrusions (recall for the semantically related neutral list, M = 0.29, SD = 0.46) than the semantically related emotional list (M = 0.11, SD = 0.32), t(71) = 2.84, p = .06, η 2 = .10 (see Figure 2 ). To investigate the possibility that the difference in recall between lists was due to printed frequency, an ANOVA and Tukey HSD test was conducted. The ANOVA was significant such that lists differed on printed frequency, F(1, 38) = 3.16, p = .03, η 2 = .11, but a Tukey HSD test revealed that the only significant difference was between the semantically related neutral list (M = 48.09, SD = 66.75) and the semantically related emotional list (M = 14.09, SD = 21.01, p = .026). A regression analysis found that printed frequency was not a significant predictor of recall within each list (ps > .05) except in the semantically related emotional list (p = .035) where more frequent items were recalled better.
Similarly, an ANOVA indicated that the lists differed significantly on word length, F(3, 76) = 4.07, p = .01, η 2 = .14 , but the only significant difference was between the semantically related emotional (M = 6.60, SD = 2.06) and the semantically related neutral lists (M = 5.05, SD = 1.28, p = .013). Furthermore, word length was not found to be a significant predictor of recall within any of the individual lists (ps > .05).
Discussion
The purpose of the present study was to examine how organization (e.g., semantic relatedness) and emotion of words interacted to affect recall, and to clarify inconsistencies in previous research. The results indicated that emotion had a detrimental effect on the recall of semantically related, but not unrelated words. This finding was consistent with the prediction that gist trace relational processing would be impaired by emotion. Furthermore, the finding that the semantically related neutral list had a greater amount of semantically related intrusions than the semantically related emotional list also supported our prediction because it indicated that the semantically related emotional list's semantic pattern was not as recognizable, leading to reduced recall of related but nonpresented items. These results were consistent with the findings of Palmer and Dodson (2009) and Experiments 3 and 4 of Talmi and Moscovitch (2004) , who also found a subtractive effect of emotion and semantic relatedness when combined.
These results also supported the prediction that gist relational processing would be sensitive to priority-binding mechanisms given a 1,000 ms/word presentation length, and that impairment by these mechanisms can be observed immediately after recall. Although Hadley and MacKay (2006) suggested that priority-binding mechanisms only affected recall at a presentation rate of 250 ms/word or faster, our results indicated that gist trace relations were still sensitive to the priority-binding mechanisms of emotion at a 1,000 ms/word presentation rate, which was likely due to their relatively lengthy processing time (Folarin, 1976) . Results also indicated that gist relational processing impairment was apparent immediately after recall, which is important given that Talmi and Moscovitch (2004) had a 40 to 55 min interval between learning and recall, during which time greater impaired gist trace reliance might have led to the reduced recall of their respective words.
Although the results supported the predictions made for this experiment, one could argue that the higher printed frequency of the semantically related neutral list compared to the semantically related emotional list was the reason for the former's superior recall. However, individual regressions between printed frequency and recall found that only within the semantically related emotional list did printed frequency significantly predict recall. In this list, words with the highest printed frequency and recall values (i.e., kill, sad, and murder) were also the most highly related words in the list, which greatly increased their chance of being recalled. Specifically, kill and sad were by far the most common first associates for every single word in their respective lists, and murder was the second most common associate for eight out of the nine words in the kill list. In this way, the most highly related words within the semantically related emotional list also happened to be the words with the highest printed frequency values, perhaps causing printed frequency to seem like it was affecting recall when, in reality, relatedness was the cause. Furthermore, this explanation was consistent with the fact that printed frequency was not a significant predictor of recall in any of the other word lists, which also did not have relatedness outliers.
However, we emphasize that, although this explanation rests on the fact that relatedness significantly affected recall of individual words within lists, it cannot explain recall differences between semantically related lists, given that the lists did not differ on relatedness. Rather, we hold that list type (i.e., whether semantically related, emotional, both, or neither) affected recall for the reasons outlined by combination of fuzzy trace and binding theories. In further support, Palmer and Dodson's (2009) lists were equated for word length and frequency, with similar findings. Thus, it is unlikely that word frequency or length alone explains the impairment of semantically related emotional lists.
A surprising finding of this study was that the neutral and emotional unrelated word lists did not differ in recall. Although this contradicted prior research (Colombel, 2000; LaBar & Phelps, 1998; Rubin & Friendly, 1986 ), a possible explanation for this comes from binding theory, which states that emotional words only gain an advantage in recall over neutral words by being prioritized ahead of them (Hadley & MacKay, 2006) . If this is true, emotion's priority-binding would only lead to its superior recall when lists are mixed and not pure. This is because, in emotional lists, the emotional words cannot gain the priority over the other emotional words the same as they can over neutral words, thus eliminating their superior recall in mixed lists. Still, although binding theory can offer an explanation for no difference in recall between the emotional and neutral unrelated lists, the fact that past studies have found a superiority in recall for emotional word lists means this topic requires further research.
One major limitation of the present study was the lack of sufficient time and resources to recruit enough participants to test our predictions with varied presentation length and recall delays. Although our results indicated that a synthesis of fuzzy trace and binding theories adequately explained the subtractive effect of emotion and semantic relatedness, these variables must be directly manipulated in the same experiment for verification. Specifically, one would expect longer presentation lengths to lead to greater recall of semantically related emotional items compared to semantically related neutral items because there would be gradually more time for relational processing to be completed. Contrastingly, one would expect longer recall delay to further reduce the recall of semantically related emotional items compared to semantically related neutral items because the reliance on impaired gist traces would increase as time goes on (Brainerd & Reyna, 2002) . Future experiments should test these predictions through manipulating these variables, ideally both at the same time to determine if an interaction between them is present (i.e., effect of recall delay depends upon presentation length).
Our findings indicated that information may be most memorable when it is neutral and organized (e.g., semantically related), and not when it is emotional and organized, given that emotionality can impair the relational processing of information that makes organization memorable. In fields where information must be made as memorable as possible (e.g., education and advertising), this finding advised caution when it comes to incorporating emotional stimuli into a message. Although making an overall message more emotional may likely make it more memorable, making individual features of the message (e.g., words in an organized list) emotional may cloud the overall meaning of a message, and thus detract from its overall memorability. Given these findings, teachers and advertisers alike should use caution when employing the use of emotion in their messages. Specifically, they should utilize emotion only when the message is relatively simple and short, when they only wish for their audience to remember a specific detail, and when organizational processing of the message's various parts is required. 
APPENDIX

Word Lists and List Type With Category Words in Bold
